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Q1
MarkQ7 Cropley* and Hannah Collis
UniversityQ8 of Surrey, Guildford, United Kingdom
Work-related rumination has been associated with a number of health complaints,
however, little is known about the underlying factors associated with rumination.
Previous work using proxy measures of executive function showed work-related
rumination to be negatively associated with executive function. In this paper, we
report two studies that examined the association between work-related rumination
and executive function utilizing an ecological valid measure of executive function: the
Behavior Rating Inventory of Executive Function (BRIEF-A, Roth et al., 2005). In study
1 (N = 63), high, relative to low work-related ruminators, were found to demonstrate
lower executive function skills, in eight of the nine subscales of the BRIEF. The aim
of study 2 (N = 237) was to identify, the key executive function subscale/s associated
with work-related rumination. Controlling for known factors associated with work-related
rumination (fatigue and sleep), regression analysis identified the behavioral regulation
subscale “shift” as the key predictor within the model. Shift relates to our ability to
switch attention, to think about different solutions, and dealing with and accepting
change. It was concluded that these findings lend support for future research to
develop interventions for enhancing shift ability, as an aid to reduce work-related
ruminative thinking.
Keywords: work-related rumination, executive function, adults, workers, the BRIEF
INTRODUCTION
It is widelyQ9 accepted that psychologically detaching from work—that is, switching off mentally
from work—is crucial for fostering health and wellbeing (Wendsche and Lohmann-Haislah,
2017). Psychologically detaching from work has also been associated with greater productivity,
engagement and creativity when employees return to work (Binnewies et al., 2010; Sonnentag and
Kühnel, 2016; Vahle-Hinz et al., 2017). Switching off psychologically from work demands can been
understood in terms of a continuum. At one end, a worker is completely mentally disengaged and
detached from work, whilst at the other they constantly think and ruminate about work issues.
Work-related rumination has been defined as a thought or thoughts directed to issues relating to
work, that is/are repetitive in nature, and difficult to control (Cropley and Zijlstra, 2011).
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There are many reasons why an individual may ruminate
about work issues during their free time. For example, a
worker may ruminate about having too much work to do,
meeting an important deadline, or an unfinished task at work
(Syrek et al., 2017). Workers may also ruminate about social
issues at work, such as stress over a future meeting, or the
perseveration of a negative comment by a colleague at work
(Cropley and Millward, 2009).
Research has shown that ruminating outside of work is
associated with a number of negative physical and psychological
health outcomes, including increased risk of cardiovascular
disease (Suadicani et al., 1993; Cropley et al., 2017), risk of stroke
(Suadicani et al., 2011), increased cortisol secretion (Rydstedt
et al., 2009; Cropley et al., 2015), negative mood (Pravettoni et al.,
2007), exhaustion, sleep problems and fatigue (Cropley et al.,
2006; Nylén et al., 2007). Furthermore, longitudinal data has also
highlighted that work-related rumination dramatically increased
exhaustion and reduced psychological well-being (Firoozabadi
et al., 2018; Kinnunen et al., 2019). Additionally, it has been found
that even with the use of emotional regulation strategies to deal
with emotional exhaustion, work-related rumination mediates
the relationship (Geisler et al., 2019).
Despite the wealth of literature surrounding the consequences
of ruminative behavior, little is known about the mechanisms or
factors associated in the process of ruminating. Here, we refer to
mechanism in a general sense, as the system or factors working
together, supporting the process through which rumination takes
place, and aiming to answer the question of why people ruminate.
Exploring this mechanism is important, as understanding the
factors that are associated with, or predict rumination, will
inform the design of future interventions aimed at helping
individuals to stop ruminating about work. Recent research has
started to examine potential cognitive processes associated with
general rumination within the literature, and one which has
attracted considerable attention is executive function.
Executive function is a theoretical construct relating to a set of
cognitive processes that relate to how people manage and regulate
their thoughts and behaviors. This construct has been defined by
Diamond (2013) “a family of top-down mental procedures that
are necessary, when people have to pay or shift their attention in
cases where intuition or automatic responses would be insufficient.”
Thus, executive function refers to the mental processes which
are needed to concentrate and focus on activities (Diamond,
2013). Although there is debate concerning different types of
executive function, it is acknowledged that there are three main
functions: inhibition, working memory and cognitive flexibility
(Miyake et al., 2000), which lead on to further higher order
functions such as reasoning and planning (Collins and Koechlin,
2012; Diamond, 2013). Executive functions were presumed to
primarily reside within the prefrontal cortex (Barrasso-Catanzaro
and Eslinger, 2016), but it is now thought a variety of brain
regions appear to underlie executive function (Munro et al.,
2017). Regardless of location, deficiencies have been shown to
result in various disorders and everyday problems (Hagen et al.,
2016; Lantrip et al., 2016; Pope et al., 2017).
There are two contrasting theoretical approaches which
support an interaction between rumination and executive
functions. The Impaired Disengagement Hypothesis (Koster
et al., 2011), argues that deficits in executive function (i.e., low
levels of attentional control) increases the likelihood to ruminate
(De Raedt and Koster, 2010; Koster et al., 2011). Relating this
to the occupational setting, people who display poorer executive
control could be more prone to making errors and mistakes
at work, and therefore more likely to ruminate about them
when not at work. Similarly, if people have depleted executive
control, their mind is more likely to wander, and they will have
more difficulty concentrating and focusing on tasks. Thus, a
vicious cycle develops, where ruminative thinking is maintained
by an impaired ability to exert control. The opposing view, the
Resource Allocation Hypothesis, suggests that the association
between rumination and executive function is due to rumination
reducing executive function capacity (Levens et al., 2009). Once
rumination is triggered, ruminative thought weakens cognitive
performance by capturing attention and cognitive resources,
thereby preventing these resources from being allocated to
effortful tasks (Watkins and Brown, 2002). Relating this to the
workplace, ruminating about work affects executive function,
therefore reducing cognitive capacity, and places individuals at
an increased risk of engaging in further ruminative thinking. And
by continually ruminating, individuals have difficulty diverting
their attention away from negative thoughts. Ruminating about
work depletes executive resources leading workers to be less
focussed and flexible in their thinking and cognition. This is in
line with research showing that workers who ruminate are also at
an increased risk of having accidents or making mistakes at work
(Cropley et al., 2016).
Executive function is an abstract construct and is therefore
fairly difficult to accurately assess, resulting in disagreement
within the literature regarding the most effective approach.
However, one of the most widely used interview measures for
assessing executive function is the Behavior Rating Inventory of
Executive Function (BRIEF-A, Roth et al., 2005). The BRIEF-
A is an interview based self-report instrument developed to
assess real-world manifestations of executive function in adults.
The measure assesses nine subscales of executive function:
Inhibit, Shift, Emotional Control, Self-monitor, Initiate, Working
Memory, Plan/Organize, Task monitor, and Organization of
materials, and from which are calculate three higher lever sub-
indices of Behavioral Regulation (relating to how an individual’s
controls their emotions, thoughts and behaviors), Metacognition
(relating to planning, organization and working memory), and a
combined Global Executive Composite (GEC) score.
In today’s competitive world, having high executive function
skills are essential in the workplace. Deficits in any area of
executive function—inhibition, cognitive flexibility, or working
memory—can make it particularly difficult for workers to
perform and complete tasks that require high level mental
control. Indeed, a systematic review demonstrated a strong
association between cognitive functions and job burnout
(Deligkaris et al., 2014). To our knowledge however, only one
paper has directly examined executive function and work-
related rumination. In a series of three independent studies
Cropley et al. (2016) reported that employees who ruminate
about work report more cognitive failures, are less cognitively
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flexible and report less situational awareness at work. Despite the
use of different methodologies—survey and interviews—and the
generally supportive findings, the results are nonetheless limited
as the authors used proxy measures of executive function.
The present paper reports two studies which aims to extend
and advance the previous work by Cropley et al. (2016) to
investigate the association between work-related rumination and
executive functions.
STUDY 1: WORK RELATED RUMINATION
AND EXECUTIVE FUNCTIONS IN SALES
PROFESSIONALS
TheQ10 first study aimed to replicate the findings of Cropley
et al. (2016), using the BREIF-A. Based on the aforementioned
discussion, two hypotheses are proposed:
H1: High work-related ruminators would demonstrate lower
Behavioral Regulation, Metacognition, and Global Executive
Composite (GEC) scores, relative to low ruminators.
H2: High work-related ruminators would demonstrate
lower executive function score in the nine subscales, relative
to low ruminators.
Method
Ethical approvalQ11 from the University of xxxxxx committee of
ethics (NO. FT-1819-21) was obtained prior to data collection.
One-hundred and four sales and recruitment professionals
(52.9% males) completed this study, recruited via snowballing
and opportunistic sampling methods. The mean age for this
sample was 33.2 years (range 19–66 years, SD = 10.86), they
had worked for their current company for between 1 month to
23 years (M = 5.87, SD = 6.94) and had been in the occupation of
sales or recruitment for between 6 months to 31 years (M = 8.77,
SD = 8.42). The majority of the sample occupied experienced,
non-management positions (61%), with 11% in a management
role, 12% in senior management, 8% entry level, and 7% in an
administrative position. To answer the hypotheses, participants
were categorized based on their responses to the affective
rumination measure (see below) into two comparable groups.
Those who scored 12 or less were categorized as low ruminators,
whilst those who scored 16 or more were categorized as high
ruminators (Querstret et al., 2016). These scores represented
one standard deviation above and below the mean. The low
ruminator group consisted of 17 males and 11 females, with
ages ranging from 20 to 55 (M = 34.71, SD = 12.03). The high
ruminator group consisted of 16 males and 19 females, with ages
ranging from 22 to 66 (M = 30.74, SD = 10.15). These participants
were then selected to be interviewed using the BRIEF-A and are
subsequently included in the analysis.
Measures
Work-Related Rumination
The affective rumination subscale of the Work-Related
Rumination Questionnaire (WRRQ; Cropley et al., 2012) was
used to determine individuals’ levels of affective work-related
rumination. The 5 items are scored on a 5-point Likert scale in
response to statements, for example “Do you become tense when
you think about work related issues in your free time?” with the
option to select “Very Seldom/Never,” “Seldom,” “Sometimes,”
“Often” and “Very Often/Always” for each statement. The
WRRQ has been shown to have good reliability and validity and
has been successfully used within a number of previous studies
(for example Syrek et al., 2017; Querstret et al., 2016) and has a
Cronbach’s alpha reliability of 0.87 within this sample.
Executive Function
The BRIEF-A (Roth et al., 2005) consists of 75 questions and
produces an overall score of executive function (Global Executive
Composite, GEC), which is comprised of two index scores:
Behavioral Regulation Index (BRI) and the Metacognition Index
(MI). The BRI (α = 0.91) is formed of four subscales: Inhibit
(8 items, e.g., “I tap my fingers of bounce my legs,” α = 0.75),
Shift (6 items, e.g., “I have trouble thinking of a different way to
solve a problem when stuck,” α = 0.73), Emotional Control (10
items, e.g., “I have angry outbursts,” α = 0.90) and Self-monitor
(6 items, e.g., “I talk at the wrong time,” α = 0.73); while the MI
(α = 0.93) is formed of five scales: Initiate (8 items, e.g., “I have
trouble getting ready for the day,” α = 0.78), Working Memory
(8 items, e.g., “I forget what I am doing in the middle of things,”
α = 0.83), Plan/Organize (10 items, e.g., “I get overwhelmed by
large tasks,” α = 0.80), Task Monitor (6 items, e.g., “I make careless
errors when completing tasks,” α = 0.73), and Organization
of Materials (8 items, e.g., “I am disorganized,” α = 0.82).
Participants are presented with a list of statements and asked if
they have been a problem “Often,” “Sometimes” or “Never” over
the past month, relating to all aspects of life, including home,
work and leisure. The raw scores are transformed into T scores
in comparison to normative samples (Roth et al., 2005), with a
score of 50 representing the normative mean. Therefore, higher
scores indicate poorer executive functions. The BRIEF-A is used
as a diagnostic tool for cognitive disorders related to executive
functions, it is considered to be an ecologically valid measure of
executive function, and it has been utilized in a number of studies
(for example Hagen et al., 2016; Pope et al., 2017). The overall
GEC Cronbach’s alpha of this measure is 0.88 within this sample.
Results
A Multivariate Analysis of Variance (MANOVA) was
conducted to detect any initial effects of rumination on
the three main dependent variables between groups: Global
Executive Composite (GEC), Behavioral Regulation (BRI) and
Metacognition (MI). Using Pillai’s trace, there was a significant
effect of rumination level on each broad construct within the
BRIEF, F(6,132) = 3.33, p = 0.004, V = 0.263, partial η2 = 0.13.
Separate ANOVAs were then conducted to examine significant
differences between the high and low ruminators on each
sub-measure of executive functions. Due to the number of tests
performed, significance was accepted at 0.01 or higher. Age and
gender were tested as covariates, however, there was no effect
found and so were excluded from further analysis.
Table 1 displays the results of the ANOVAs, means, standard
deviations and effect-sizes (η2) for the GEC, BRI and MI T scores.
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TABLE 1 | T-Score means,Q3 standard deviations, and ANOVA results for Behavioral Regulation Index, the Metacognition Index, and the combined Global Executive
Composite (GEC) by rumination group.
Low ruminators High ruminators F η2 P
Mean SD Mean SD
Behavioral Regulation Index 47.75 1.61 56.40 1.44 15.88 0.20 0.001
Metacognition Index 46.78 1.65 55.82 1.48 16.53 0.21 0.001
Global Executive Composite 47.07 1.54 56.17 1.38 19.18 0.23 0.001
N = 63.
TABLE 2 | T-Score means, standard deviations and ANOVA results for the subscale measures of the BRIEF-A, separated by rumination group.
Low ruminators High ruminators F η2 P
Mean SD Mean SD
Inhibit 50.71 1.80 59.91 1.61 14.40 0.19 0.001
Shift 49.64 1.82 56.45 1.63 7.75 0.11 0.007
Emotional control 46.71 1.84 54.34 1.64 9.55 0.13 0.003
Self-monitor 47.71 1.70 51.51 1.52 2.77 0.04 ns
Initiate 45.57 1.71 52.91 1.52 10.25 0.14 0.002
Working memory 49.35 2.00 58.97 1.79 12.78 0.17 0.001
Plan/organize 49.71 1.63 55.62 1.46 7.23 0.10 0.009
Task monitor 47.53 1.70 55.77 1.52 13.02 0.17 0.001
Organization of materials 44.21 1.65 50.17 1.48 7.17 0.10 0.001
N = 63.
As demonstrated, all three factors were statistically significant,
with poorer executive function (higher scores) reported in
the high rumination group. Therefore, the first hypothesis
is supported. To analyze the individual executive functions,
further analysis revealed significant differences for each of the
nine subscales T scores, except for the self-monitoring item
(see Table 2). Overall, these findings demonstrate that higher
levels of work-related rumination are associated with poorer
executive functions globally, impacting upon both behavioral
facets of executive functions and the cognition facets, and further
supporting the proposed hypotheses.
STUDY 2: AFFECTIVE RUMINATION,
EXECUTIVE FUNCTIONS AND JOB
DEMANDS
Having supported our first two hypotheses, the second question
to address is: what are the key executive functions associated
with work-related rumination? For this study we treated work-
related rumination as the dependent variable and examined the
subscales of the BRIEF to identify the most predictive subscale.
The rationale for this switch in methodological design, is that
this research is aiming to first identify an association, rather
than establishing a cause-consequence direction. In analyzing the
studies from both perspectives allows this contribution to remain
open in the debate concerning directionality (see Discussion).
As executive function and rumination have both been associated
with fatigue and sleep (Joyce et al., 1996; Van der Linden et al.,
2003; Durmer and Dinges, 2005; Nilsson et al., 2005; Thomas,
2005; Nylén et al., 2007; Berset et al., 2011; Plessow et al., 2011;
Querstret and Cropley, 2012; Diamond, 2013), we controlled for
the effects of fatigue and sleep in the analysis. Similarly, it has
been established that there is an association between work-related
rumination and job demands (Cropley and Millward-Purvis,
2003; Perko et al., 2017; Querstret and Cropley, 2012) and gender
(Rydstedt et al., 2009), so these variables were controlled within
the regression model. No specific hypothesis was made.
Method
This study was pre-registered on Aspredicted.org (#16857). The
same sampling methods produced a novel sample of 237 (61.6%
female) working individuals. Their ages ranged between 19 and
66 (M = 33.8, SD = 12.7). The sample was predominantly
White British in ethnicity (83.5%). All participants were in full
time employment, with 17.3% at entry level, 18.1% intermediate
non-management, 24.1% experienced non-management, 17.3%
first level management, 12.2% middle level management and
11% upper management. This sample hailed from a number of
occupations, including 17% from healthcare, 11% accountancy
and finance, 9% recruitment or human resources, 7% education
and 6% from business.
Measures
Work-related rumination and executive function were assessed
using the measures reported in Study 1. The reliability alphas for
all time two variables are presented in Table 3.
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Job Demands
Eleven items previously selected by Querstret and Cropley
(2012) were taken from the Job Content Questionnaire
(JCQ; Karasek et al., 1998Q12 ). Items, such as “Do you have
to work very fast?” and “Is your job boring?” (reversed
item) are scored on a 4-point Likert scale, ranging from “1
Never/almost never” to “4 Often.” Higher scores are indicative
of increased job demands.
Fatigue
The present study employed the 15 item Occupational Fatigue
Exhaustion Recovery scale (OFER; Winwood et al., 2006) as a
workplace focused measure of fatigue. Items, such as “I often
feel I’m “at the end of my rope” with my work” and “My
work drains my energy completely every day” are responded to
on a 7-point Likert scale, ranging from “strongly disagree” to
“strongly agree.”
Sleep
Sleep was assessed using the Pittsburgh Sleep Quality Index
(PSQI; Buysse et al., 1989). This 19 item scale results in
a global sleep score, comprised of seven factors (daytime
dysfunction, sleep duration, sleep latency, habitual sleep
efficiency, sleep disturbances, use of medication and subjective
sleep quality), which ranges from 0 to 21, with scores above 5
indicating poor sleep.
Results
Descriptive and bivariate correlations between the variables are
presented in Table 3. As can be seen within the table, both fatigue
and sleep are strongly positively correlated with rumination,
r = 0.60, p < 0.001 and r = 0.43, p < 0.001 respectively, as
well as the executive function subscales. Interestingly while job
demand is correlated with rumination, r = 0.24, p < 0.001,
it is only correlated with one subscale of executive function:
task monitoring, r = 0.14, p = 0.04. Regarding the correlations
between the executive function scales, the highest correlations
were between the subscales and the related index, which would
be expected based on the scoring system. All other correlations
are below 0.7, suggesting collinearity between variables unlikely
(Berry and Feldman, 1985).
Multiple regression analysis was conducted to identify the key
predictor of work-related rumination from the nine subscales of
the BRIEF-A. In addition to gender and job demands, we also
controlled for age and job level in the analysis due to correlating
with both executive function and WRR. The individual control
variables were entered in step 1, job demands, fatigue, and
sleep were entered in step 2, and the predictor executive
function variables were entered in step 3. The results of the
analysis are displayed in Table 4. The final model is significant,
F(15,220) = 15.10, p < 0.001, R2 = 0.507, showing that executive
functions predict levels of work-related rumination, accounting
for over 50% of the variance. Within this final model, fatigue
(t = 7.08, p< 0.001, β = 0.41), sleep (t = 2.81, p = 0.005, β = 0.17),
TABLE 4 | Multiple regression results for predicting work-related affective rumination.
Step 1 Step 2 Step 3
β (SE) t β (SE) t β (SE) t
Gender 0.175 (0.586) 2.75** 0.137 (0.461) 2.73** 0.102 (0.492) 1.90
Age 0.096 (0.026) 1.31 −0.017 (0.021) −0.29 −0.011 (0.021) −0.19
Job level 0.118 (0.179) 1.63 0.025 (0.142) 0.44 0.023 (0.139) 0.41
Fatigue – – 0.471 (0.036) 8.47*** 0.412 (0.038) 7.08***
Sleep – – 0.231 (0.074) 4.19*** 0.169 (0.081) 2.81**
Job demands – – 0.154 (0.059) 2.90** 0.167 (0.057) 3.22**
Inhibit – – – – −0.050 (0.031) −0.71
Shift – – – – 0.300 (0.032) 4.20***
Emotional control – – – – 0.050 (0.028) 0.69
Self-monitor – – – – −0.013 (0.031) −0.19
Initiate – – – – −0.68 (0.036) −0.78
Working memory – – – – −0.012 (0.029) −0.17
Plan/organize – – – – −0.142 (0.044) −1.43
Task monitor – – – – 0.082 (0.034) 1.01
Organization – – – – 0.081 (0.028) 1.23
Constant (1.212) 7.96*** (−1.111) −0.56 (−5.119) −2.16*
F – 5.73*** – 30.71*** – 15.10***
R2 – 0.069 – 0.446 – 0.507
Adjusted R2 – 0.057 – 0.431 – 0.474
1F – – – 51.93*** – 3.04***
1R2 – – – 0.377 – 0.061
N = 237. Values in parentheses represent standard error. 1F and 1R2 report changes from Step 1.
*p < 0.05; **p < 0.01; ***p < 0.001.
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job demands (t = 3.22, p = 0.001, β = 0.17) and the executive
function subscale shift (t = 4.20, p < 0.001, β = 0.30) were
the significant predictor variables. Thus, the inability to shift or
change one’s thinking was the key executive function associated
with work-related rumination.
DISCUSSION
It is estimated that around a third of the population have
difficulty mentally disengaging from work (Gallie et al., 1998;
Cropley and Zijlstra, 2011). And, as work-related rumination
has been associated with a range of health problems, studies are
needed to understand the cognitive mechanisms that influence
the recovery process. To our knowledge, this is the first paper to
examine the association between executive function and work-
related rumination using a fully validated measure and within
two separate samples.
The results of study 1, were consistent with previous research
(Cropley et al., 2016), and demonstrated that high work-related
ruminators had poorer executive function skills, relative to
low ruminators. This finding was consistent across the three
global executive function groups (Behavioral Regulation Index,
Metacognition Index, and the Global Executive Composite
group scores), and eight of the nine subscales. The only
subscale not associated with work-related rumination was self-
monitoring, and we speculate that perhaps this may have been
due to the sample population. The sales industry is a fairly
unique environment due to the fast paced, high pressure and
opportunistic nature of the work. Sales staff in the present
study are consistently encouraged to perform to goals and are
trained to monitor their behavior, so it seems perfectly reasonable
for them to be particularly good at self-monitoring. It was
therefore deemed important to recruit workers from different
professions for study 2.
Study 2 further supported the association between executive
function and work-related rumination. Interestingly, within the
regression model, Shift appeared to be the most important
predictor. The subscale Shift relates to our ability to switch
attention, to think about different solutions or ways of
thinking, and dealing with and accepting change. This is an
interesting finding as within the literature it is the function
of inhibition which is the most cited executive functions in
the relationship with rumination. Indeed, a negative association
between rumination and inhibition has been shown in several
clinical and experimental studies (Berman et al., 2011; Fawcett
et al., 2015; Mor and Daches, 2015), although the research here is
somewhat inconsistent, as at least four types of inhibition have
been associated with rumination (viz. inhibition of distracting
information, inhibition of no longer relevant information,
proponent response inhibition and task switching inhibition;
De Lissnyder et al., 2011; Colzato et al., 2018; Owens and
Derakshan, 2013; Whitmer and Banich, 2007; Zetsche et al.,
2012). Despite this disparity between our findings and those
within the clinical literature, our findings are broadly in line with
those of Yang et al. (2017), whose meta-analytic review reported
significant associations between rumination and the functions
of inhibition and shift. Interesting to note, their review found
no significant differences for working memory in relation to
rumination, whereas study 1 in the present study did, with high
ruminators reporting poorer memory, relative to the controls.
The general differences between the findings of study 1 and 2,
and previous research may be due to the focus on work-related
rumination, as opposed to general or depressive rumination,
within the present studies. Working memory includes working
with and manipulating information in the mind (Diamond,
2013), which would be much more applicable to tasks performed
in the work environment in comparison to general life and
interpersonal interactions. While this could indicate that work-
related rumination shares many qualities to more general
ruminative thinking, these slight divergences suggest a different
process, and would therefore require different solutions to treat
work-related rumination.
There were a number of novel aspect and strengths of the
present studies. It was the first, to our knowledge, to assess
the association between executive function and work-related
rumination using a validated measure of executive function.
Secondly, we controlled for fatigue, sleep, and job demands,
which are well known factors that can modify rumination
and executive function. Thirdly, the study had ecological
validity and utilized individuals from real-life settings with a
reasonable sample size.
There were however, some limitations, and issues we could
not address. The findings presented here are cross-sectional due
to the nature of the research question under investigation. It was
therefore not the focus of the present studies to investigate claims
of causality between work-related rumination and executive
functions. As reported in the introduction, within non-work-
related samples however, the existent literature on this topic is
greatly mixed, with some authors suggesting that rumination is a
result of deficits in executive function (Linville, 1996; Koster et al.,
2011), while others propose that rumination depletes resources
and limits the ability to be cognitively flexible, severely impairing
broader executive functions (Watkins and Brown, 2002; Philippot
and Brutoux, 2008). It is however, entirely plausible that causality
works both ways in a reciprocal relationship. More research needs
to be conducted here to provide clarity to this question as a result
of the present findings. Secondly, whilst the use of convenience
sampling methods here did provide a fairly representative
insight into a variety of professions and industries within the
United Kingdom, we encourage caution when generalizing the
results. Another issue centers on the instrument used to assess
executive function. Whilst the BREIF-A is indeed a validated
and effective measure of executive function it nonetheless relies
on self-reporting. Future research could/should employ more
objective, behavioral measures to substantiate the current results.
Notwithstanding, the findings of the present studies may
be utilized to inform the development of interventions. Work-
related rumination and deficits in executive functions are
considered to be well-established risk factors leading to profound
and debilitating mental and physical health problems, reduced
work performance and quality of life. Given these costs, there
is a pressing need to develop cost-effective, parsimonious
interventions which have a strong theoretical and empirical
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basis. It has been noted that executive functions are trainable
(Diamond, 2013). If one accepts the premise that rumination
and executive functions are mechanisms of each other, then
interventions targeted at one could potentially impact the other.
However, prior literature has only explored interventions aimed
solely at each variable. For example, exercise has been found
to increase executive functioning (Guiney and Machado, 2013;
Dupuy et al., 2015), as well as directly targeted function training,
such as inhibition training, which has proven to be successful
in directing attention (Daches and Mor, 2014). Rumination
interventions, on the other hand, have been more focused
on controlling/distracting thoughts and behaviors in general,
either through CBT training, mindfulness (Hahn et al., 2011;
Hülsheger et al., 2014; Querstret et al., 2016) or breathing and
meditation (Plans et al., 2019). The lack of successful evidence-
based interventions is perhaps a consequence of utilizing existing
descriptive theories within the field, and the tendency to take
a broad approach, which lacks insight and understanding into
the actual underlying mechanisms of rumination. Perhaps,
the ideal approach would be to target both the symptoms
of rumination and the underlying mechanisms, using a two-
pronged intervention approach.
CONCLUSION
There is increasing awareness of the importance of unwinding
and switching off from work, and that thinking and ruminating
about work can impede the recovery process. In this paper,
we presented two distinct studies that demonstrated work-
related rumination to be associated with reduced executive
function. We were not able to make any causal inferences
and further work is needed to establish causality; nonetheless,
these findings add to our understanding about the mechanisms
underlying work-related rumination and may be used to inform
future interventions.
DATA AVAILABILITY STATEMENT
The Q13datasets generated for this study are available on request to
the corresponding author.
ETHICS STATEMENT
The Q14studies involving human participants were reviewed and
approved by University of Surrey Ethics Committee. The
patients/participants provided their written informed consent to
participate in this study.
AUTHOR CONTRIBUTIONS
HC and MC designed both studies, and equally involved in the
write-up of the article. HC responsible for data collection in study
1 and management of study 2 data collection.
ACKNOWLEDGMENTS
The authors would like to acknowledge and thank Sophie
Greenhead for her assistance in collecting data for study 2.
REFERENCES
Barrasso-Catanzaro, C., and Eslinger, P. J. (2016). Neurobiological bases of
executive function and social-emotional development: typical and atypical
brain changes. Fam. Relat. 65, 108–119. doi: 10.1111/fare.12175
Berman, M. G., Nee, D. E., Casement, M., Kim, H. S., Deldin, P., Kross, E., et al.
(2011). Neural and behavioural effects of interference resolution in depression
and rumination. Cogn. Affect. Behav. Neurosci. 11, 85–96. doi: 10.3758/s13415-
010-0014-x
Berry, M. D., and Feldman, S. (1985). Multiple Regression in Practice (Quantitative
Applications in the Social Sciences). Thousand Oaks, CA: SAGE Publications.
Berset, M., Elfering, A., Lüthy, S., Lüthi, S., and Semmer, N. K. (2011). Work
stressors and impaired sleep: rumination as a mediator. Stress Health 27,
e71–e82. doi: 10.1002/smi.1337
Binnewies, C., Sonnentag, S., and Mojza, E. J. (2010). Recovery during the weekend
and fluctuations in weekly job performance: a week-level study examining intra-
individual relationships. J. Occupat. Organ. Psychol. 83, 419–441. doi: 10.1348/
096317909X418049
Buysse, D. J., Reynolds, C. F. III, Monk, T. H., Berman, S. R., and Kupfer, D. J.
(1989). The pittsburgh sleep quality index: a new instrument for psychiatric
practice and research. Psychiatry Res. 28, 193–213. doi: 10.1016/0165-1781(89)
90047-4
Collins, A., and Koechlin, E. (2012). Reasoning, learning, and creativity: frontal
lobe function and human decision-making. PLoS Biol. 10:e1001293. doi: 10.
1371/journal.pbio.1001293
Colzato, L. S., Steenbergen, L., and Hommel, B. (2018). Rumination impairs
the control of stimulus-induced retrieval of irrelevant information, but not
attention, control, or response selection in general. Psychol. Res. 84, 204–216.
doi: 10.1007/s00426-018-0986-7
Cropley, M., Dijk, D. J., and Stanley, N. (2006). Job strain, work rumination,
and sleep in school teachers. Eur. J. Work Organ. Psychol. 15, 181–196. doi:
10.1080/13594320500513913
Cropley, M., Michalianou, G., Pravettoni, G., and Millward, L. J. (2012). The
relation of post-work ruminative thinking with eating behaviour. Stress Health
28, 23–30. doi: 10.1002/smi.1397
Cropley, M., and Millward, L. J. (2009). How do individuals ‘switch-off’ from work
during leisure? A qualitative description of the unwinding process in high and
low ruminators. Leisure Stud. 28, 333–347. doi: 10.1080/02614360902951682
Cropley, M., and Millward-Purvis, L. (2003). Job strain and rumination about
work issues during leisure time: a diary study. Eur. J. Work Organ. Psychol. 12,
195–207. doi: 10.1080/13594320344000093
Cropley, M., Plans, D., Morelli, D., Sütterlin, S., Inceoglu, I., Thomas, G., et al.
(2017). The association between work-related rumination and heart rate
variability: a field study. Front. Hum. Neurosci. 11:27. doi: 10.3389/fnhum.2017.
00027
Cropley, M., Rydstedt, L. W., Devereux, J. J., and Middleton, B. (2015). The
relationship between work-related rumination and evening and morning
salivary cortisol secretion. Stress Health 31, 150–157. doi: 10.1002/smi.2538
Cropley, M., and Zijlstra, F. R. (2011). “Work and rumination,” in Handbook of
Stress in the Occupations, eds J. Langan-Fox and C. L. Cooper (Cheltenham:
Edward Elgar Publishing Ltd).
Cropley, M., Zijlstra, F. R., Querstret, D., and Beck, S. (2016). Is work-related
rumination associated with deficits in executive functioning? Front. Psychol.
7:1524. doi: 10.3389/fpsyg.2016.01524
Frontiers in Psychology | www.frontiersin.org 8 April 2020 | Volume 11 | Article 821
fpsyg-11-00821 April 17, 2020 Time: 22:7 # 9
913
914
915
916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
941
942
943
944
945
946
947
948
949
950
951
952
953
954
955
956
957
958
959
960
961
962
963
964
965
966
967
968
969
970
971
972
973
974
975
976
977
978
979
980
981
982
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999
1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
Cropley and Collis Work-Related Rumination and Executive Function
Daches, S., and Mor, N. (2014). Training ruminators to inhibit negative
information: a preliminary report. Cogn. Ther. Res. 38, 160–171. doi: 10.1007/
s10608-013-9585-5
De Lissnyder, E., Derakshan, N., De Raedt, R., and Koster, E. H. W. (2011).
Depressive symptoms and cognitive control in a mixed antisaccade task:
specific effects of depressive rumination. Cogn. Emot. 25, 886–897. doi: 10.1080/
02699931.2010.514711
De Raedt, R., and Koster, E. H. (2010). Understanding vulnerability for depression
from a cognitive neuroscience perspective: a reappraisal of attentional factors
and a new conceptual framework. Cogn. Affect. Behav. Neurosci. 10, 50–70.
doi: 10.3758/CABN.10.1.50
Deligkaris, P., Panagopoulou, E., Montgomery, A. J., and Masoura, E. (2014).
Job burnout and cognitive functioning: a systematic review. Work Stress 28,
107–123. doi: 10.1080/02678373.2014.909545
Diamond, A. (2013). Executive functions. Annu. Rev. Psychol. 64, 135–168. doi:
10.1146/annurev-psych-113011-143750
Dupuy, O., Gauthier, C. J., Fraser, S. A., Desjardins-Crèpeau, L., Desjardins,
M., Mekary, S., et al. (2015). Higher levels of cardiovascular fitness are
associated with better executive function and prefrontal oxygenation in younger
and older women. Front. Hum. Neurosci. 9:66. doi: 10.3389/fnhum.2015.
00066
Durmer, J. S., and Dinges, D. F. (2005). Neurocognitive consequences of sleep
deprivation. Semin. Neurol. 25, 117–129. doi: 10.1055/s-2005-867080
Fawcett, J. M., Benoit, R. G., Gagnepain, P., Salman, A., Bartholdy, S., Bradley,
C., et al. (2015). The origins of repetitive thought in rumination: separating
cognitive style from deficits in inhibitory control over memory. J. Behav. Ther.
Exper. Psychiatr. 47, 1–8. doi: 10.1016/j.jbtep.2014.10.009
Firoozabadi, A., Uitdewilligen, S., and Zijlstra, F. R. (2018). Should you switch off
or stay engaged? The consequences of thinking about work on the trajectory
of psychological well-being over time. J. Occup. Health Psychol. 23:278. doi:
10.1037/ocp0000068
Gallie, D., White, M., Cheng, Y., and Tomlinson, M. (1998). Restructuring the
Employment Relationship. Oxford: Oxford University Press.
Geisler, M., Buratti, S., and Allwood, C. M. (2019). The complex interplay between
emotion regulation and work rumination on exhaustion. Front. Psychol.
10:1978. doi: 10.3389/fnhum.2015.1978
Guiney, H., and Machado, L. (2013). Benefits of regular aerobic exercise for
executive functioning in healthy populations. Psychon. Bull. Rev. 20, 73–86.
doi: 10.3758/s13423-012-0345-4
Hagen, E., Erga, A. H., Hagen, K. P., Nesvåg, S. M., McKay, J. R., Lundervold,
A. J., et al. (2016). Assessment of executive function in patients with substance
use disorder: a comparison of inventory-and performance-based assessment.
J. Subst. Abuse Treat. 66, 1–8. doi: 10.1016/j.jsat.2016.02.010
Hahn, V. C., Binnewies, C., Sonnentag, S., and Mojza, E. J. (2011). Learning how
to recover from job stress: effects of a recovery training program on recovery,
recovery-related self-efficacy, and well-being. J. Occupat. Health Psychol. 16:202.
doi: 10.1037/a0022169
Hülsheger, U. R., Lang, J. W., Depenbrock, F., Fehrmann, C., Zijlstra, F. R., and
Alberts, H. J. (2014). The power of presence: the role of mindfulness at work
for daily levels and change trajectories of psychological detachment and sleep
quality. J. Appl. Psychol. 99:1113. doi: 10.1037/a0037702
Joyce, E., Blumenthal, S., and Wessely, S. (1996). Memory, attention, and executive
function in chronic fatigue syndrome. J. Neurol. Neurosurg. Psychiatry 60,
495–503. doi: 10.1136/jnnp.60.5.495
Karasek, R., Brisson, C., Kawakami, N., Houtman, I., Bongers, P., and
Amick, B. (1998). The Job Content Questionnaire (JCQ): an instrument
for internationally comparative assessments of psychosocial job
characteristics. J. Occupat. Health Psychol. 3:322. doi: 10.1037/1076-8998.
3.4.322
Kinnunen, U., Feldt, T., and de Bloom, J. (2019). Testing cross-lagged relationships
between work-related rumination and well-being at work in a three-wave
longitudinal study across 1 and 2 years. J. Occupat. Organ. Psychol. Adv. Online
Public. 92, 645–670. doi: 10.1111/joop.12256
Koster, E. H., De Lissnyder, E., Derakshan, N., and De Raedt, R. (2011).
Understanding depressive rumination from a cognitive science perspective:
the impaired disengagement hypothesis. Clin. Psychol. Rev. 31, 138–145. doi:
10.1016/j.cpr.2010.08.005
Lantrip, C., Towns, S., Roth, R. M., and Giancola, P. R. (2016). Psychopathy traits
are associated with self-report rating of executive functions in the everyday life
of healthy adults. Pers. Individ. Differ. 101, 127–131. doi: 10.1016/j.paid.2016.
05.051
Levens, S. M., Muhtadie, L., and Gotlib, I. H. (2009). Impaired resource allocation
and rumination in depression. J. Abnorm. Psychol. 118, 757–766. doi: 10.1037/
a0017206
Linville, P. (1996). “Attention inhibition: does it underlie ruminative thought,”
in Ruminative Thoughts: Advances in Social Cognition, Vol. 9, ed. R. S. Wyer
(New Jersey: Lawrence Erlbaum Associates Inc), 121–133.
Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., and
Wager, T. D. (2000). The unity and diversity of executive functions and their
contributions to complex “frontal lobe” tasks: a latent variable analysis. Cogn.
Psychol. 41, 49–100. doi: 10.1006/cogp.1999.0734
Mor, N., and Daches, S. (2015). Ruminative thinking: lessons lear-
ned from cognitive training. Clin. Psychol. Sci. 3, 574–592.
doi: 10.1177/2167702615578130
Munro, B. A., Weyandt, L. L., Hall, L. E., Oster, D. R., Gudmundsdottir, B. G.,
and Kuhar, B. G. (2017). Physiological substrates of executive functioning: a
systematic review of the literature. ADHD Attent. Deficit Hyperact. Disord. 10,
1–20. doi: 10.1007/s12402-017-0226-9
Nilsson, J. P., Söderström, M., Karlsson, A. U., Lekander, M., Åkerstedt, T.,
Lindroth, N. E., et al. (2005). Less effective executive functioning after one
night’s sleep deprivation. J. Sleep Res. 14, 1–6. doi: 10.1111/j.1365-2869.2005.
00442.x
Nylén, L., Melin, B., and Laflamme, L. (2007). Interference between work and
outside-work demands relative to health: unwinding possibilities among full-
time and part-time employees. Intern. J. Behav. Med. 14, 229–236. doi: 10.1007/
BF03002997
Owens, M., and Derakshan, N. (2013). The effects of dysphoria and rumination
on cognitive flexibility and task selection. Acta Psychol. 142, 323–331. doi:
10.1016/j.actpsy.2013.01.008
Perko, K., Kinnunen, U., and Feldt, T. (2017). Long-term profiles of work-
related rumination associated with leadership, job demands, and exhaustion:
a three-wave study. Work Stress 31, 395–420. doi: 10.1080/02678373.2017.
1330835
Philippot, P., and Brutoux, F. (2008). Induced rumination dampens executive
processes in dysphoric young adults. J. Behav. Ther. Exper. Psychiatry 39,
219–227. doi: 10.1016/j.jbtep.2007.07.001
Plans, D., Morelli, D., Sütterlin, S., Ollis, L., Derbyshire, G., and Cropley, M.
(2019). Use of a biofeedback breathing app to augment poststress physiological
recovery: randomized pilot study. JMIR Format. Res. 3:e12227. doi: 10.2196/
12227
Plessow, F., Kiesel, A., Petzold, A., and Kirschbaum, C. (2011). Chronic sleep
curtailment impairs the flexible implementation of task goals in new parents.
J. Sleep Res. 20, 279–287. doi: 10.1111/j.1365-2869.2010.00878.x
Pope, C. N., Bell, T. R., and Stavrinos, D. (2017). Mechanisms behind distracted
driving behaviour: the role of age and executive function in the engagement
of distracted driving. Accident Analy. Prevent. 98, 123–129. doi: 10.1016/j.aap.
2016.09.030
Pravettoni, G., Cropley, M., Leotta, S. N., and Bagnara, S. (2007). The
differential role of mental rumination among industrial and knowledge
workers. Ergonomics 50, 1931–1940. doi: 10.1080/00140130701676088
Querstret, D., and Cropley, M. (2012). Exploring the relationship between work-
related rumination, sleep quality, and work-related fatigue. J. Occupat. Health
Psychol. 17:341. doi: 10.1037/a0028552
Querstret, D., Cropley, M., Kruger, P., and Heron, R. (2016). Assessing the effect
of a Cognitive Behaviour Therapy (CBT)-based workshop on work-related
rumination, fatigue, and sleep. Eur. J. Work Organ. Psychol. 25, 50–67. doi:
10.1080/1359432X.2015.1015516
Roth, R. M., Isquith, P. K., and Gioia, G. A. (2005). BRIEF-A: Behavior
Rating Inventory Of Executive Function–Adult Version. Florida: Psychological
Assessment Resources.
Rydstedt, L. W., Cropley, M., Devereux, J. J., and Michalianou, G. (2009). The
effects of gender, long-term need for recovery and trait inhibition-rumination
on morning and evening saliva cortisol secretion. Anxiety Stress Coping 22,
465–474. doi: 10.1080/10615800802596378
Frontiers in Psychology | www.frontiersin.org 9 April 2020 | Volume 11 | Article 821
fpsyg-11-00821 April 17, 2020 Time: 22:7 # 10
1027
1028
1029
1030
1031
1032
1033
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049
1050
1051
1052
1053
1054
1055
1056
1057
1058
1059
1060
1061
1062
1063
1064
1065
1066
1067
1068
1069
1070
1071
1072
1073
1074
1075
1076
1077
1078
1079
1080
1081
1082
1083
1084
1085
1086
1087
1088
1089
1090
1091
1092
1093
1094
1095
1096
1097
1098
1099
1100
1101
1102
1103
1104
1105
1106
1107
1108
1109
1110
1111
1112
1113
1114
1115
1116
1117
1118
1119
1120
1121
1122
1123
1124
1125
1126
1127
1128
1129
1130
1131
1132
1133
1134
1135
1136
1137
1138
1139
1140
Cropley and Collis Work-Related Rumination and Executive Function
Sonnentag, S., and Kühnel, J. (2016). Coming back to work in the morning:
psychological detachment and reattachment as predictors of work engagement.
J. Occupat. Health Psychol. 21:379. doi: 10.1037/ocp0000020
Suadicani, P., Andersen, L. L., Holtermann, A., Mortensen, O. S., and Gyntelberg,
F. (2011). Perceived psychological pressure at work, social class, and risk of
stroke: a 30-year follow-up in Copenhagen male study. J. Occupat. Environ.
Med. 53, 1388–1395. doi: 10.1097/JOM.0b013e31823c149d
Suadicani, P., Heina, H. O., and Gyntelberg, F. (1993). Are social inequalities
as associated with the risk of ischaemic heart disease a result of psychosocial
working conditions? Atherosclerosis 101, 165–175. doi: 10.1016/0021-9150(93)
90113-9
Syrek, C. J., Weigelt, O., Peifer, C., and Antoni, C. H. (2017). Zeigarnik’s sleepless
nights: how unfinished tasks at the end of the week impair employee sleep
on the weekend through rumination. J. Occupat. Health Psychol. 22:225. doi:
10.1037/ocp0000031
Thomas, R. J. (2005). Fatigue in the executive cortical network demonstrated
in narcoleptics using functional magnetic resonance imaging—a preliminary
study. Sleep Med. 6, 399–406. doi: 10.1016/j.sleep.2005.04.005
Vahle-Hinz, T., Mauno, S., de Bloom, J., and Kinnunen, U. (2017). Rumination for
innovation? Analysing the longitudinal effects of work-related rumination on
creativity at work and off-job recovery. Work Stress 31, 315–337. doi: 10.1080/
02678373.2017.1303761
Van der Linden, D., Frese, M., and Meijman, T. F. (2003). Mental fatigue and
the control of cognitive processes: effects on perseveration and planning. Acta
Psychol. 113, 45–65. doi: 10.1016/S0001-6918(02)00150-6
Watkins, E., and Brown, R. G. (2002). Rumination and executive function in
depression: an experimental study. J. Neurol. Neurosurg. Psychiatry 72, 400–402.
doi: 10.1136/jnnp.72.3.400
Wendsche, J., and Lohmann-Haislah, A. (2017). A meta-analysis on antecedents
and outcomes of detachment from work. Front. Psychol. 7:2072. doi: 10.3389/
fpsyg.2016.02072
Whitmer, A. J., and Banich, M. T. (2007). Inhibition versus switching deficits in
different forms of rumination. Psychol. Sci. 18, 546–553. doi: 10.1111/j.1467-
9280.2007.01936.x
Winwood, P. C., Lushington, K., and Winefield, A. H. (2006). Further development
and validation of the occupational fatigue exhaustion recovery (OFER) scale.
J. Occupat. Environ. Med. 48, 381–389. doi: 10.1097/01.jom.0000194164.
14081.06
Yang, Y., Cao, S., Shields, G. S., Teng, Z., and Liu, Y. (2017).
The relationship between rumination and executive functions:
a meta-analysis. Depress. Anxiety 34, 37–50. doi: 10.1002/da.
22539
Zetsche, U., D’Avanzato, C., and Joormann, J. (2012). Depression and rumination:
relation to components of inhibition. Cogn. Emot. 26, 758–767. doi: 10.1080/
02699931.2011.613919
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Copyright © 2020 Cropley and Collis. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.
Frontiers in Psychology | www.frontiersin.org 10 April 2020 | Volume 11 | Article 821
